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Comparison of gas exchange characteristics between two invasive plants and a 
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co-occurring native plant in Liaoning Province 
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(1. Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2. College of Plant Protection, 
Shenyang Agriculture University, Shenyang 110866, China) 


Abstract: Biological invasion is one of the century’s most serious environmental problems. A comparative study of invaders 
and co-occurring natives is an effective approach to gaining insights into the invasiveness of exotic plants. Ambrosia artemisi- 
ifolia L. and A. trifida L. are two aggressive North American annual weeds in China, whereas A. trifida occurs mainly in 
Northeast China. They usually invade cultivated fields and reduce crop productivity, causing significant ecological and so- 
cio-economic impacts in introduced areas. Besides its economic impact on crop yield, A. artemisiifolia also represents a major 
health problem since its pollen is a strong allergen and one of the main causes of hay fever. To explore the traits contributing to 
invasiveness of A. artemisiifolia and A. trifida and to test the relationship between plasticity of these traits and invasiveness, 


we conducted a comparative study of two invasive species and their co-occurring native Asteraceae plant, Aster tataricus, in 
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tataricus, in terms of gas exchange and efficiencies in resource utilization. We tested the hypothesis that A. artemisiifolia and 
A. trifida had growth-related ecophysiological advantages over the natives in its non-native range, which resulted in its rapid 
growth and enhanced its invasiveness. Photosynthesis, specific leaf area (SLA), and the efficiency of resource use (light, 
phosphorus, and nitrogen) were examined in field. Leaf construction cost (CC) is considered as a quantifiable measure of en- 
ergy demand for biomass production and is related to energy use efficiency as it includes component of both morphological 
and physiological traits. The results showed that the light saturation point (LSP) of A. artemisiifolia, A. trifida were signifi- 
cantly higher than that of the native species A. tataricus. The order of Pamax was that A. artemisiifolia > A. trifida > A. tataricus, 
and this parameter of two invasive species were significantly higher than that of A. tataricus by 151.28%, 82.80%, respectively. 
The specific leaf area (SLA), leaf N content per unit mass (Nmass), leaf P content per unit mass (Pass), photosynthetic energy 
use efficiency (PEUE), photosynthetic nitrogen use efficiency (PNUE) of two invasive plants were significantly higher than 
those of the native, but the difference of leaf construction cost per unit mass (CCmass) between the three plant species was not 
significant. In summary, the two Asteraceae invasive plant species has higher gas exchange characteristics and leaf traits as 
compared with co-family non-invasive plant species, and their photosynthetic characteristics and leaf characteristics were 
closely linked. The two Asteraceae invasive plant species had higher photosynthetic characteristics and energy use parameters, 
including Pamax, PNUE, PEUE, water use efficiency (WUE), leading to more effectively resources capturing and utilization 
efficiency, which may be one of the reasons for successful invasion of these Asteraceae invasive plants in the studied area. 


Keywords: Asteraceae invasive plants; Gas exchange characteristics; Maximum net photosynthetic rate; Leaf traits; Resources 


utilization efficiency 


TEE ES ER SE 4E B 2 DIR BS EROR, EMA 
BHWARKHEARH, RIRA RERE 
pk Y Pe SN RRB li S, A 21 Htzu mz Ba El BJ pk 
EmA, MRES EKRE, BS 
BEATE MAE ASR, SOBRE TSR AS TRE 7J 58 BART 
mall, AAEH ARH. AAE — 1 
KEREI MER CMM, AMHR SEMAN 
Zk3t Re J aB 1 se BEET RA, WILA (RERO 2430 
REFERERE AS IEE se n] PA TEJ PRSK A. 
(TRA EN EIN ZO, EY ET IE, 5 A 1245 
HRA ce S BE, IAB X BJ IE Pn a ARK, (E 
#Ë AY AK AX (construction costs, CC) DU B SHA, 
TEM FA(specific leaf area, SLA) X X& S #IEIH- Fr ER 
pk A B3 Bj +E nl" 1, TEE] 88 pk pk AR (+b BD re EHE FER 
r) S ORS 3: ma BY Na H jx [P] (£, A) FL 2 
= B3 3 A A HF FH 28 R photosynthetic nitro- 
gen-use efficiency, PNUE), MiX x & B FIE Bs 
tp KU, ARARE BREKKA, Pa, 
Baruch #1 Goldstein" f£ E RMRINKES 30 HA 
HEHA 34 FPA, iEoSop Eo E A ES SERUUJU8E 
FEE DILI ERA. HABA, HAA SS 
T1368 Fett SOO A BERE, MARMARA 
hh hal A x LEAVE AR. Mlb, (BAS 
ERUSHE ERRES. Alpert E, FRANI 
Je EH 2S LUGE BV iZ EE 5: R Zç X A HERAS A eh 
Aih, HMANKEA BNEW. EREET A 
FRI KALZ (Chromolaena odorata) El [E] Ë] Z TE 


R = t (Gynura japonica) A Rh NB iS MR së 
BR 38 BH SE [E], HEAHEA E Ae a bI 
REARS, ERIE OGRA ate) E 
(Conyza canadensis) Et EBEL E SE xeris 
chinensis) #0 Ë ER (Commelina communis) HIH & S 
MAW, IV VERSRE BS 26 6; RA Wm RAE 
7, S&H EP 7) ERR ABUES SEEAISR IZ —. 
KERB DL BA (RISK ELSE. REMH 
Se F rR3 EL HS ENR Ez EB 
—'6l, BREE (Ambrosia artemisiifolia)&& ERF* FACE 
FETERE, BTSRPMARRRSE, et 
RAUTER, BEM ST MESA, 
RAME pee m SE ease Iam, Sw 
B AS fe Ul, — SID KE (Ambrosia trifida [tE 
eRe FARNESE RERS, F 20 ted 40 fE 
REAREA, HufEELRR7J 6 ES] 4675 REZNE 
MAAR Zl A PARE CE A es B, 86 — UL 
Aas, XS pk K Ek: RES, EXBERTATEGSOR 
FEMS, BaeEGSABEIBSSIAUUCU.RB 
Bü, BF EX RRE EDUALACSÉTI 3E A 12163 
< lB] BJ) ^E 38 ^E AERA REY, AFR 
Hag ZEE TRIS LEE LC SE SA ESR, JT 
RERA SEU BT RA (s eb fs PU H” E: fa, m RIS 
BEERS BIL, AiR Y FAB 
BSL A fs RB 4) & AS Hb S TL +E E pz [8] BJ 5 @ s ER DE 
FIER, MARAR TI FL A f EET SETA Pa y6 58 BL, 
A AVAL, EET CE A REMMI (ch RU B XE A 


http://www.ecoagri.ac.cn 


# 7 HB 


ATES LTR MPAA REM SAMI SEER ChinaX = HOTT 


AB EET o te A SH kha, 
1 MESA 
11 PAAR 

KE RMF T € Z ER rh TR SR LI (42?1'58"N, 
123°51'43"E, #83Ë 192 m) #EKS #l= Zn ERE S 
REK. RREBFPRPAGHEESMAR, <= 
=, BjjB AK; SMS, Niele. $jEIEJg^UR 
7.41 C, ZAH 148 d, fE3EJEJEEZK SBA 750 mm, F 
FAA MEA 65%~70%. FEAR A= SUE Eka 
AMAA AREMRBHAAEX, ERR X, 
79A 215375 ZONE TI BARRES, SARS 
BEA 45. KE EIER SG (Aster tataricus)73 [E| Fš] f ^E fit 
35 3E A REY, ERTA # Ë (Humulus 
scandens). $E 3E(Lactuca indica). 38 EE (Setaria 
viridis) Fo TRX ARIEL, I pH 6.4, AWA 
14.62 gkg ', SA 1.53 gkg', 2B 0.99 gkg`'o 

T 2015 Ẹ 8 H 27 BA Rise JU XE RUE mK 
&, UL Hits A 8 27 5 3 REED E EH 
FESSER, ERAN HAA StI BRAS CHA 
1.2 WRP% 

EIEE 1 MAH, HARA 10 mx10 m, 

FRAAIE 5^ 1 mx1 mBVIVEA, EANA 

ABBA LIE HIBS A CREB 10 #k, H 


ERX NWS 433 REWER 30 A EEERTESEBS A A, 


ELEC SERRA SE SRI FEE 5x30=150 5 v] MEZ ERR 
KEH 5 RBS. KA Li-3100A HAFIN (Li-Cor, 
Lincoln, Nebraska, USAM EHE, BRERA PAK 
ABR, BFABPERRE, RITE RR 
m. HE N, P SSS (tii. ANAL 
MSNS TÉ ARES 0-10 cm HLH, FER 
= QUE ATS 
368 -FE5R(P,-PAR) MG RZ ME: F 9:00— 11:00 TE 
# JEE 5 Pic aes A ete AA SRE 
+c BABY ABTA. KA L1-6400 EH RE JU XE T (Li-Cor 
Inc., Lincoln, NE, USA) H R EA fs 8 AIA 
EHD BE TH 373 36 G XR XE (net photosynthetic rate, 
Po. BS XR XE (transpiration rate, T) ^x TL = E 
(stomatal conductance, G) SHimM#TME, HE 
Jm iS J 25 °C, CO, REBI 400 wmol-mol', iZ 
iB DICES RH (umol-m’-s DREA 2000. 1500, 
1000, 800. 500. 300. 100. 50 410, FA Bzh 
FERRIT A-RA E MeN, 353 
Hyse € RT BS BA RATE Rr, WEN RIA BAEK 


EAS, SHE l| 3 Z, SRABEMES Zx, 


A-RA Ye?! HFRS te 
H BYE f8 XXE ZEE EP ETT EU : 
P. 2 al - BD yI)- R, (1) 
XR: P, 836 S XXE (umol m ^s; 1 23368 8 9 
tagi (umol-m ?-s ); a 7J AQY (apparent quantum yield, 
FNS OE), BUSTO A mR 1-0 BY BY 
RSE, th RANA 26 009] ny Bi ZR] 7 3 SES 8X 47] EF 
ME: BAM y 23517338 XE. RÉM simol); Ra 
JBS SED E E (mgh g’) 
7K 43 FH3E( water use efficiency, WUE)BJTE SS 
AR: 
h = h +T, 
2 
WUE = P. /T. {3} 
Th: P, 73368 XXE (umol.m ^s); T, 792& BB RK 
(mmol-m ?.s !)o 
HAS SAME: HRS MSHA 
ABT AAS, AFTON SAHA, 2A 
ERKA, A SO? BSPSBER RETES 
ABBALE, + 663 nm #l 645 nm MRI BEd 
A OD¢663. OD645), TRES FIA SHitBHAAE Be": 


p(Chla) =12.7 OD,,,—2.69 OD, (4) 
p(Chlb) =22.9 OD,,,—4.68 OD gg, (5) 
p(Chl) = p(Chla)+ p(Chlb) (6) 


TU: p(Chla), p(Chlb)43 BIA ARH a, HERR b BJ 
=(mg-L’'); (Ch) HRR SAS (mg L’) 
IFE S == Bls: mF 105 CRA 
Ë 30 min, ABO CHEERS, FAMED, 
BOIBREEBHSPSA. WHAE N KAAK 
BEANE, £ P RAHAA EAE, 
HERRE s= B9 E: PMR na E 3Ë JF rh 
500 CHIR 6 h, MBRRRA, URES. FEM 
(& 3€ FH rü PE it(HWR-ISE, L8. E vr Ju. 
88] JME: 05 g AAF MMA, Z S PAIX 
MERE, ST HD ME 50E, REY 
(AfFAF SAE. 
H= CV/(1- An) (7) 
CC, =] (0.069 68H, —0.065) x(1— Ay) 
+7.5(kxON/14.006 7) |/Eç 
tH: H. HERNA g’; Aa AKDES(%); 
CV XJ SHAB: g”); CC... Í SA Biase pk 
RAS [g(glucose)-g"']; ON ABL E, %; EGA 
KAE; KAN SEAR, ARB OB Eg 
HR ER MEA 0.8707 WB Hu, ALARA 
$&(-3 MAESA MEK N BJ (ESTE X XII 


(8) 


http://www.ecoagri.ac.cn 


978 PEARL FH 2017 ^ /ASH35 
+S, RAR +B w(NHi-NYMI] w(NO;-N)BSIESU, — tix EEESS(P-0.05)e 
SKATES] (B EZ E BY CCrnasso 
mass ot E aN k 
SLA =ULA / DW o ^? in HR AN 
Noes = Nyaa /SLA (0) 21 RRMA ARH S 2301633 BMA 
CC, ACC, SL (11) AT BSP 
PEUE =P... /CC,. MM AB: I. MERON WIE, AG 
= — z. r= 1 b ae A Ay Cc 
Mp (a) fs. = Blot aR See NRHN PR 


Tt: SLA AHA HEAR cmg); ULA WBA 
Pr BHR(cm2); DW AMA FR ge (g); CC,,., SAB 
fu TE RE BY AK AS [e(glucose)-m 2]; Nmas HAA šë fu 
me N Š =(mg-g ); Neo AHA B tu mia N Š = 
(gm~); PEUE A + & BE = Fl BM XE 
[umol(CO,)-g '(glucose)-s `]; PNUE 2336 RA BK 
g€[umol(CO;)-g '-s ‘Jo 
L3 ZENI 

BE B ro E Kit Bt EB AI sa (light 
saturation point, LSP), C4 Z są (light compensation 
point, LCP), WSF MX (apparent quantum yield, 
AQY) All RR AIF 36 G XR E (maximum net photosyn- 
thetic rate, Pamax)o PTA GEMA SPSS 16.0 WMI ER 
HEA (TAI DAT, ELAR Excel 2007 NIARIT 
FE. SRR Fa BRiNEikERT, KA 
AAA ZA Hr (one-way ANOVA)AlR)\TEEM 
7A(LSD AMARA 15] ë 8375 25 23 WERE == 


—e— Jf 5& Ambrosia artemisiifolia 


—AÀ— =I WE Ambrosia trifida 


^L SUE 


TKS} Fill FAB 


FSM EREE, Bh, WHA ARIE S iE 
je 3Xx95. HAI EB 22326 ta, 3 #hfš 
JBS P, iA | Bz X (ñ, PAKANA. KS 
(R^-0.997, P«0.001). = & H Bk Š (R°=0.999, 
P«0.001). S&$8(R^—0.995, P«0.001)85 P, 58 WX £ 
He B3 B 3H X VESTA SB zk SE (P<0.01), EH ë f8XX 
HAAR SIERRA Lia 3 PMN tA u = 24 
(R 1) AR 1 BM, 3 HEHP LSP HAF 800 
umol-m ^s, BARRA = AH Eks > RK Sx, 
BETA; LCP NAAM J KE = =H KS> 
AK eS, Ap, A Hb #h 8 sü AY LCP AW 30.736 
umolm ^s", STRE, mAH AIHE H A 
AQY 35) & (EF SR B(P«0.05); 3 FRBTZBS Pama < 
JM FEBR ERHAN, AGREE ILI 
ZU BGB Pima 7B LER Se = HÀ 151.2895 82.80%, 
ERLE, SDN AR El A (ah H C BEBYTU FH 
Re, TEADET, REEERE 
[816 8577» 


—m— "ESQ Aster tataricus 


14 


12 
2 10 
S 
EM 0.8 
8E 06 
me 
2 Š 04 
E 
A 02 
0 
gH 
al 
> i 
Ho Š 
2? 5 ii 
gE Af 
sË p 
BE 
e o€-9e6—0 2r 
e 1 
0 
1 


20 50 100 300 500 8001 000 1 2001 500 2 000 


H3I0C8 88] Photosynthetically active radiation (umol-m ^: s!) 


g 
B 
O 
Be 
Wes 
{pe 
Ses 
mm 
° 
z 
8r c 
7+} 
pay ey 
Me” s 
wee J 
Ei: ' 
Ree 3L 
e ?* 
i* 
9 20 50 100 300 500 80010001 2001 500 2 000 
B! 
Fig. 1 


UT AHA EHA EM E RM BE SA A 38 B9 26 A -é T pv if #K AY Eb S 


Comparison of P,-PAR curves of invasive plant species, Ambrosia artemisiifolia and Ambrosia trifida, with native plant 


species, Aster tataricus in Liaoning 
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Table 1 Photosynthetic parameters of invasive plant species, Ambrosia artemisiifolia and Ambrosia trifida, and native plant species, 
Aster tataricus in Liaoning 
JÉ m JÉ ZA = 7w Hx ; j CAR : nmax 
te f 2618 31 (LSP) X (LCP) PEEL ENGE RA GR XE (P x) 
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EE 
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Table 2 Comparison of leaf traits of invasive plant species, Ambrosia artemisiifolia and Ambrosia trifida, with native plant species, 
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